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NATIONAL ADVISORY COMMIZTER FOR ATRONAUTICS

ADYALCT CONFIDEITIAL REPORT

" WIED-TULNEL TZSTS OF SEIVERAL ARRLYIEMENTS

OF EXTZANAL AVEILIARY FUEL TANERS OF
A FIGHTZR=TYXE AIRPLARZ

By Edward Peppor

SUHKARY

An inveitipsation wan conducted in the NACA 1%~foot
pressurs tunaal to Jdetormine the acrodyuamic affects of
saveral arransercats of ertarual auxiliary furelage and
win; tanks of large fuel capaclity on a filghter-typc alr=-
plane, iicdel tank arranpcmouts of sevorusl confizura=-
tions dusignei te hold 150 tu Z50 .;nllons or fucl were
attached to o~ typlcol fightor-=type airplenc codol rur
this i=restintion, One tank erronpcunnt tested, of
350-gellon fucl srpncity, conslstea of rectrasul~T cross=
s:uction fusclrge nnd wirg tniks mountcd flush egrinet
tae under surfrce of the sirplenc modoi, Tho cthor
tark arrangowents testcd ware hung unilar the fuselage
and win: surfaces of the model by =inglec struts, Tray
were of circular crces section and of twe siges, Guni-ned
for 150=callar and 300=gallon fuul capacity ull scalo.

Tho rectangulur tank nrrangeuent of 3530=gsllan fuul
eapacity” hns the rreatest adverse ccsrodynamic effact on
the airnione and is th: l.ast dosirablec of 2ll tho cone
figuraticns tcetoad, Tho circular wing=trnk rrrangeceat
of J00=c:rllon fuel cupocity 1s net so decirable ~eroiy-
nasically as elther of tho circulir fuselrsc=tnnk
arrcenzenents inssmuck ~o lanturferonce effccts bstween

.the wins surfnco nnd the tanks -y becere large with

small iutervonin. spree, Plnp and nlleron deflec4ions

mny ng Tryete thio cffeet. Th: circul~r fuaclngo-taak
arrnngenicats of 150=g-ilon urd 30C=gnllon fuel caprcity
showod tro leorst offcet on tie nerodynrmic chernctoristios
of the ~irplrno with » change in tho meximum vrlu» of
liftedrrg rntio {rem 2,0 tc 4.8 porcent, rospuctively,
®ank -n.-les o incifenc: ~nd verticnl distances from tho
adjocont nirplrae surf..ccs, witkin rensonrbdlu limits, Lnd
n neglizitle effoct,




Fono of the tank configurntions tosted hnd an
appreciable effect or the loagitudinal atadility when
the normal fixecd renter of gravity of ths airrlans was
used as a refcrence. The angles of trim changed slightly
but no definitc trend was ascertalued,

INTROGDUS2ION

Extarnal suxillary fusl tarirs of lerge capacity,
which ma; bo cpreaded t»o the sirplare without matorially
affectia; its nerodynamlie charcctoristice, aro of grcat
inturost rs n devico for licrscelasy range, Scveral
military fighter airplaaos uno» in scrvico have flowr
with cxtcrnal cuxiliary fuel tanks cf anall cnpacity
for tila rur_ose,

Thip raner p»resents the resulte of teets made in
ths FACA 19=foot pressurs tuuncl of severel arraarncmeatas
of model extorral auxiliary fmel tanks +ith fullw-icele
capacities fror 150 to 350 gailone. Range, take=of7,
and ¢linud ery not ineluded in the ldiszussion beeouse
enck a2irnlens requires n unlque solution donerding upon
propulsive efficiurey, spreific fuod concumpticn, nmount
of fucl lced, rititude +f sperctism, ecroliyannidec cunrac-~
teristinss of i{he rirrlane, and power curracterlstice of
the engine, ote, It is the purpore of Liis peper to
show, 7rimerily, the effects of the specifis fuel-tunk
arrsncenenta lavestirated on the ac¢rodvnumic charartor-
dstics of the airoicny modelse ®n. tanks were testod at
varioua vertical ilstances and angles of iaclidence r.le-
ative to ths chord lins cof tuo wing., Tho raeults are
indicativc of tho tronils that mey bo expected with sine.
iler installetions on othar pursuit and fightor troes
of airndinnes,

MODEL AZD TESTS

Several arrangenents of extearnal guxiliary “uel

tanks wore tssted on tle 2 ﬂs-lcale aodel of the Youszhte

Sikoraky F4U-1 alrplans in the 1l3-foot pressure tunnel,
(See figs. 1 tc 4.) Tuiis airplaae molel wam ohosen
bacause of ita avallability and Lmcause it represents




& trpical fighter=type alrplame., The zeneral view of
the model givon in filgure 1 shcws the method of mounting
iz the wind=tunrel test secticn, General dimersionrs ave
glven ia filgare &,

Saaks_of recunngulnay crngg scvtion.- Models o a
ractan ;ler fuseluge tank of 2C0-gallon capaclty and of
two small:er voctungular wing trnks of 75-zallon capacity
were nttooh-d to tie alrplane model fluak with tho uader
surfecsn c¢f %a.- fuaclagy nanil virnga, rcapoctivoly, Tho
goteral ,roportioas of tleso tonks aro roctnagular when
vioved irom tre fr1ont as shown im figuro 1., This n~rrangu-
mont was zujcestod by the Army Al> Forcwec, lMateriol Com-
nand, Th: prinelip:.l dinensiong of thosz tnaks and thair
positlans ca tre rnedel are sirenr in figuros 5, 6, and 7,
Tho wing t:nls wore placced 57.85 iaches from the eontaer
line of the alrpl.n. modcl, o fillcts wero usvd betwien
the toanks and the =irplrno awrfecos,

~of_cironlar crosr peoticn.- Hodels of i large
fuselage taukx of circulur cruna section and two samaller
wing tarks of simiinr ashepe desigred to hold 300 and 150
gallons, res;ectively, were attashud to the model ty atruts
as shown ia Jigures 2, 2%, and 4, Dheae tanks ara sirilsr
boaiea of revolutien, ellipscidal ir share froz the rnoas
back to 70 perce.t of tls totrl lencth, ard then topering
conicnlly to the tralling end witu o finencss ratio of 6,
The principal dimoneions of thesc tnnks and thilr positions
on the wirpline nro givorn in fisur.s 8, 9, 10,cnd 11, All
tho att:;ching atruts hove n rrosg=scetional shape similer
to tho longitudinnl croes scetion of thc tanks, with o
longth of 9.5 inches. So fillctr wore utcd at tho placus
of attachment ¢f the geprts,

Th. wing tanks were -~lso placcd 57,5 incheas spanwiso
from thue center line of thne rodol, Th: vurticzl pocition
of the lerg: fusalago tank (30C-gnle capacity) wes ruch
as to insuru ground clecrance with the choekx wbsorters
rnd tirvs fully dorlceted in the throe=noint attitudo,
Three tank ancles of incidence wore testod in this posie=
tion, The tenk waas ther rnlaed ap;roxifately ono~third
its dinreter pnd apgein tested at three angles of inocidence.
The small fueclegs tank (150-gal capacity) was tustod st
the sace verticel jositlions ss thu large tank relativa
to the tank ceater lino, but for orly osno anzle in oach
position, Shu wing trnks [150-gnkh cnpacity) wore tosted
at two vertiarl positions nrnd tvo unngles of incidonco ot
each position, 7The diatapce from th: lowor surfnce of tho
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dreg coofficiont uf tank nrrangemont basod
on total froatal area of tanke [ACp(S/Sp))

tank nrrangemont 4drrg incromont at 100 milos
p.r hour, pounds

ittt
drag
pitching moment

dynanic pressure ia undisturbed stream, pounde
per squars foot

wing srea (41,6 ag ft)

tatal frontal erem of tank arrangement,
square feot

mean aerodynamic chord (2.85 ft)

geom:trio angle of attack of root chord oorrected
for jet-boundary interferenov uffocts, dogrece

anzle between chord lino of wing nnd conter line
of e¢ircular tank, degroos

distance betwveen lower surfaoe of the airplane
and ceanter line of tank, inches

drag

BRegctangulo RAde= The rectangular tank arrangement
is the least desirablo of the arrcngements tested, The
valuoe of A4Cp for thies arrangomcnt wero more than 200
puroant higher than 4hess veluce for any of tho other
arrangomonts investigated., For ~ ohargo im the valuc
of Cy fram 0,2 to 0,5, A%p skowed n greator vrriation
for this arrangencnt thon for any other; it changed from
0,0054 to 0,0064, This result wvas due to the fact that
the minimum irag occurred ot a lowver value of lift coefe
ficient for tie rectangular tankes than for the other cone




figurations tasted. Fisure 17 shows variptions of the
tlnk-arrancenont drage coeffizicnt baeeld on ¢ e total
froutal trga,

Lizevlar tanka.- The circular fusnlege-tenk arranzo-
®ents have tho encllent values of Acn. Tho lerge cireulpr

tank gove sligktly higher viliae than the smn1] elrculay
tank but i1t Mt Yo ronenuborod thag 1t nrg twleco the Mol
onprelty, o), trak rnglug o Ineldenca nyq verticeal pone
ition nud eyn13 offocts on tug velucs of 4CH obtainod
for cach “rrasccmcat,  ph cireculnr wiaz=tnpl Rrruagonont
haa 8lirhtly mery drag shpa tha funuleg,, tins, anga this
result pay n, due te lnterfuronca offscts tetwveen the
tanlre and the wing surfaccg, 71¢ “orld saem ucre dosirabdle
to have tne vertienl daveona, cf the wins tanks as larga
a8 feaellig to AVOld thupe o dTCnea vffonia siileld
nay he larga with su XY ie flaetod, 4
small inprovencnt weuld kg exicelod wigh fillste datywozn

the stratg oud attachod eurfaces,

Tigure 17 ehoveg the varigtion ey the
cieuts oy the several tarn
total frontel 8rea wvith -
Plane. Tie frontal area: of
lengthe ara Zlvon i firure 1

Maximum 11¢¢ Socffiolent .

Tha reotangulap tanks dacroass tao value of tha
Baxigum 1lirg cceffieicat of tlo pluin eirplace zodel
froe approxinrtuly 1.40 to 1.29, zpo values of nexinunm
1ir¢ odofficicont for tn., eircular tenk woro not deercasca
80 much, na they all foll in p TRAFEC of froa 1.32 to 1,55
with tha tXeoption of tyq 2 rama U tha lap=g
cireculny Tfusclige tank ong : AP winvetank
nrrnngo:cnt. whieh ga ¢ of 1,36 npg
1.31, Trspectivoly,
Daximua volyng [-FY
it ary ba sald th-
tanke had
9f tho plain "
4 pcreent, FHEQ would 4 y ® alight offoat
on tho landlng 8pcvd with tanks ¢ witl flrpe rna
eontrole Proporly aot,




Maxisun L/D

The percentage okanga 0f tkhe zaximum valus of L/D for
the airplane waon tanks are attachad #4111l not noces-
sarily be the scne sor any ctaer fightar-type airplune,
The maxizur values of /D of the rodel test:d variedi from
14,16 for the airpierne without teaks to 1l.84 for ike sir-
Pla.e with rectanjulmsr tenks, Tha addition of the raec-
tansular teaks lovered t.e ndaxizum valus of LD oy
15,7 percent. The uddition nf the circulur fuselnse
tunks lowered th: maximam velue of L/D by 2 percunt
for tra test nrran.ement, ZTue 7aiues 0F 4 and
of the cireular fuseluze tenugs had small effects on the
mazitum velues of 2,2, Thke Yest arranjgeceat of clrcular
wing tasks loverel tku maxizux value of L/D by 4.9
percent. Nare ejaln charjes ir thu values of 4 aud
9 Ekad 1ittle efis:t om she cuanngd of (L/D),... The

optirum arraugement of cireulir wiug tanxe, '*ith the tanks
farthor away from the wirny surfeco and at spproxizatcly
z0ro enzlu of attnnc nt the ervisiug condition (4 = 8,16
in, tnd ¢ = €.0%), shoved slihtly bettecr rcerodynnuzic
ehoraszterictlcs, avwevewn, than the otnar circulrr ving-
tazk arrangenanta,

The results of tiase tsate :how that tia eddition
of axtarnnl auxillsry fucl tauka for nay eonventional
figshter airpinte stowld irercasc the rance fream 2500
to 3500 rilce,

Loengitudinal Stedbility

(upter=of=gravity losaticn.- The turks of rectan-
gular cross suvction wore nttrch:d to trhe airplrne rnodel in
a reancr augpoetod dy tha Arnvy Alr Forcece, Materiel Command,
The coutcr=of-gravity loc~ticr ror crch of these tanks
fully isnded is ehown ip fi-ure 5, Th:r normal ccrter of
gravity of tlh. plrirn -lirglnnc would te lowoured nni zoved
rearword 7ith the nidlvion of there tenks., Zigarus 9 and
10 ghov the cuntur-¢f-sravity location ¢f tac circaler
orosg=cection tanks fuily lordcl v.letivs to thas normcl
fired ecnser ef gravity of ¢oe pladn ndrpinne, 4ll tas
circular tanl:'s wore 83 attrched taet thols conter-=cof-
grevity positions wore directly unecr tic sentor of gravity
of tho plair airpiene a* tae hign-ejpeed condition fer all
the zornfipuratisns tested. The positicn of the resultart
conter of zravity would thue te lowered and coved nhesnd
with the alrplana firing in the rogion ¢f  (L/I),,; with
tanks full, This condition would tend to increuss tio
nigntive values of i:u/i: aad vould thercefore give rore
lonsitudingl stability, ™ho rosultnit centeresf-gravity




loeatfon will vary with the weight of fual im the tarks.
This effart will denernd upon the egeomotry of the tank
installation, An the weisht of thu fuel 1¢ diminishod
durings fligkt, tho centor-~of-grryity locatlion will move
forwerd 1f th: tunks are rointed dowawnrd and rocrward

1f the tarks aro pointed wnyward, If this effiet ia
sorious in ray 1instnlledisn, A cuszrerted remely wonid be
to livile the tanks into scv.rel coopr rtaunuts, The fuel
could thug to drain.d simultancously :nl yprogrcssively
from oach ced to th: cent.r of the trnks, The dotormina-
tion of thc cuntep=uf=grovity loeptlicor of the somplete
eirplens with extormal aariliary fu:l ta.ks 1nvolve otaer
walght variebles sazi n3 the walght of the ompty tanks
end tho nacescnry ndditinunl structurc for nttochmuant,
whioh rre nottors of spocific doslgn,

Pitohingennnent coeffislants.- Tha typienl pilicking=
momont=coeffizlent cnrvas jrescnted in figures 12 to 16
Lave taean refurred tc the fixed norzal canter of rravity
of the pieriln alrplanu to facilitate cozp:nrisons of the
aeroiynamic offwcts on the alrplaze lon-itudlani stablility
dua to the ald.itlon of etturnai auxiliary fuel tanke,
Thoroe 13 ne appreciadle change trn ACr/dCy Dbecausa of tho
addition of the tankue The trim nagics vary, howevur,
but no deri.ito trends arce wpruroat.

SONCLUSIOXNS

1. %Pho reoctangulsr tanke wero the lecst deslirable
of tho tank nr-an-asmcnts investligoted boenuso of comuera=
tively largu tdveryso aoradynamic aff.cts on tanec airplone,.

2y 7Thc eirculir wian: tanws zhowed ¢ tundoenecy to
doeruveac tae Sl lioun volus of ¢hc lift-dirn,. rrtioc with
a ducrcasc in the diztanca batwocn the wing suarfnec and
the tacks, This effsct wus aprarently diue to interference
and ray become more prouourcel with flap and alleroz de=
flections,

na

2. The circular fusolages tank sngle of ipcidenc
and wertical llstence from tis sirrlane surfaze, witihin
reatonable limits, had a uapgliziile effuct on the amerody-
nawic characteristica of t:¢ sonpiute airplane,

4 The pddlticn of circulur fuselasc tanks of 150w
gallon and SUU~gallorn fusl cupsolty lowercd the maxizum

e e ea— e




t-drag ra airplang from 2,0 ¢o
relpoctivolr. tank &rrangemontg arg
Lo mogt dosirable of the 2onfigurationy

Langley Lemorip) Aercanutical

Fationnl ddvigery Comnmite
Langloy Mola, v
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Figa. 3,4

Figure 3.~ Alrplane model with tbe ezall circular external auxiliary fuel tang
under the fueelage.

Figure 4.- alrplane zodel with the circular exteraal auxiliary fuel tanie under
the wing.
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strut wing tanks proved impracticable. Circular 150 and 300-gallon fuselage-tank arrange-
ments shoved least effect on aerodynamic characteristices. Tank angles of incidencs and
vertical distances from adjacent airplane surfaces had negligible sffect.
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Tank arrangsmente teeted were 350-5311@ rect.ansular crose section tank attachsd direct-
1y to fuselage or wing and 150 or 300-gallon circular croee eection tanks attached to wings
or fuselage by eingle etrut, Both rectangular directly attached tanks and circular single
etrut ving tanks proved impracticable. Circmlar 150 and 300-gallon fusslage-tank arrange-

mente shoved least effect on aerodynamic characteristice, Tank anglee of incidence and
vertical dietances from adjacent airplans eurfacee had negligible effect.
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